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Abstract
Background  Prostate-specific membrane antigen positron emission tomography (PSMA-PET) is an essential tool 
for patient selection before radioligand therapy (RLT). Interim-staging with PSMA-PET during RLT allows for therapy 
monitoring. However, its added value over post-treatment imaging is poorly elucidated. The aim of this study was to 
compare early treatment response assessed by post-therapeutic whole-body scans (WBS) with interim-staging by 
PSMA-PET after 2 cycles in order to prognosticate OS.

Methods  Men with metastasized castration-resistant PC (mCRPC) who had received at least two cycles of RLT, and 
interim PSMA-PET were evaluated retrospectively. PROMISE V2 framework was used to categorize PSMA expression 
and assess response to treatment. Response was defined as either disease control rate (DCR) for responders or 
progression for non-responders.

Results  A total of 188 men with mCRPC who underwent RLT between February 2015 and December 2021 were 
included. The comparison of different imaging modalities revealed a strong and significant correlation with Cramer V 
test: e.g. response on WBS during second cycle compared to interim PET after two cycles of RLT (cφ = 0.888, P < 0.001, 
n = 188). The median follow-up time was 14.7 months (range: 3–63 months; 125 deaths occurred). Median overall 
survival (OS) time was 14.5 months (95% CI: 11.9–15.9). In terms of OS analysis, early progression during therapy 
revealed a significantly higher likelihood of death: e.g. second cycle WBS (15 vs. 25 months, P < 0.001) with a HR of 2.81 
(P < 0.001) or at PET timepoint after 2 cycles of RLT (11 vs. 24 months, P < 0.001) with a HR of 3.5 (P < 0.001). For early 
biochemical response, a PSA decline of at least 50% after two cycles of RLT indicates a significantly lower likelihood of 
death (26 vs. 17 months, P < 0.001) with a HR of 0.5 (P < 0.001).
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Background
Prostate cancer (PC) is the second most common malig-
nancy in men, with an estimated 1.4  million new cases 
worldwide each year [1]. Patients with localized hor-
mone sensitive disease have a good prognosis com-
pared to patients with metastatic castration-resistant 
PC (mCRPC) [2, 3]. However, the prognosis of mCRPC 
has improved in recent years due to new therapeutic 
approaches [4, 5]. Immunotherapy or genomic-based 
therapies may have a positive impact in selected sub-
groups of mCRPC [6, 7]. Targeted α-therapy using [223Ra]
radium-dichloride has been shown to be a safe treat-
ment modality with increased overall survival (OS) in 
metastatic bone-dominant disease [8, 9]. The VISION 
trial demonstrated that radioligand therapy (RLT) using 
the prostate specific membrane antigen (PSMA) labelled 
with the β-emitter [177Lu]lutetium ([177Lu]PSMA) signifi-
cantly improved imaging-based progression-free survival 
(PFS) and OS [10].

In recent years, radiolabeled PSMA using positron 
emission tomography (PET) has become a routinely used 
imaging method in the diagnosis and treatment of PC 
[11]. The impact of presurgical staging and biochemical 
recurrence on patients has been thoroughly established 
[12, 13]. A benefit of PSMA-PET scan over morpho-
logical imaging was also shown in metastatic PC [14]. 
For evaluation of RLT eligibility, patients must undergo 
PSMA imaging to assess PSMA expression [15]. There-
fore, the new PROMISE V2 framework recommended 
PSMA expression to be at least equal to or above the 
level of physiological liver uptake [16]. According to cur-
rent SNMMI/EANM guidelines, interim PSMA-PET 
scans should be conducted every 12 weeks during PSMA 
therapy to ensure optimal follow-up and treatment 
response assessment [10, 15]. However, resources for 
serial PSMA-PET scans are often limited in a clinical set-
ting. Furthermore, the role of PSMA-PET in monitoring 
the treatment of mCRPC is less clear. The Prostate Can-
cer Working Group Criteria 3 (PCWG3) guidelines rec-
ommend using conventional computed tomography (CT) 
and bone scans for treatment monitoring in mCRPC, as 
performed in the VISION trial, which is rooted in a lack 
of data on PSMA-targeted imaging for response assess-
ment [10, 17].

Following the initiation of RLT, guidelines recommend 
assessing prostate-specific antigen (PSA) levels at each 
cycle to evaluate biochemical response [15]. Addition-
ally, planar whole-body scintigraphy (WBS) should be 

performed 1–2 days after RLT administration to assess 
the tumoral PSMA uptake [15]. Some studies have 
already shown that post-treatment single photon emis-
sion computed tomography (SPECT) quantification can 
help prognosticating PFS [18, 19]. Neubauer et al. (2023) 
recently reported that early response monitoring, using 
quantitated post-therapy SPECT scans, prognosticates 
OS in RLT [20]. However, there is a lack of evidence 
for WBS as a stand-alone imaging modality to guide 
response to RLT.

The aim of this study was to evaluate early treatment 
response for the purpose of predicting OS in a manner 
that is applicable to clinical practice. This was assessed 
by post-therapeutic WBS after the second and third 
cycles compared to established parameters such as PSA 
response and interim PSMA-PET after two cycles of RLT.

Methods
Study design and patient selection
This single-center study was performed as a retrospective 
observational study at a tertiary care academic medical 
center. The following criteria were applied to determine 
the study population: (a) mCRPC with tumoral PSMA 
expression above liver uptake in PSMA-PET; (b) approval 
of the interdisciplinary tumor board for RLT with [177Lu]
PSMA-617; (c) patients received at least 2 cycles of RLT 
as well as restaging after the second cycle; (d) applica-
ble medical records and imaging follow up; (e) age > 18 
years. This study was approved by the local ethics com-
mittee (No. 2019–711-f-S). This study has been carried 
out in accordance with the ethical standards outlined 
in the 1964 Declaration of Helsinki and its subsequent 
revisions.

A total of 288 consecutive patients between 2015 and 
2021 (to ensure sufficient follow-up time) underwent 
[177Lu]PSMA-617 therapy. 188 of 288 patients (65%) met 
the aforementioned inclusion criteria. The flow chart in 
Fig. 1 displays a comprehensive patient selection process.

PSMA-PET imaging
All patients underwent serial imaging with either PSMA-
PET computed tomography (PET-CT) or magnetic reso-
nance imaging (PET-MRI). PET imaging was performed 
prior to RLT (initial PET), 6–8 weeks after the second 
cycle, and 6–8 weeks after the fourth cycle. Examina-
tion was performed using either a Biograph mCT 128 
or a 3T Biograph mMR system (Siemens Healthcare, 
Erlangen, Germany). Patients were imaged with inhouse 

Conclusion  Response assessment of RLT by WBS and interim PET after two cycles of RLT have high congruence 
and can identify patients at risk of poor outcome. This indicates that interim PET might be omitted for response 
assessment, but future trials corroborating these findings are warranted.
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produced radiolabeled [68Ga]PSMA-11 or [18F]PSMA-
1007 as described before [21, 22]. For a valid comparison, 
patients underwent serial imaging using either [68Ga]
PSMA-11 or [18F]PSMA-1007.

[177Lu]PSMA-617 and WBS imaging
All patients received [177Lu]PSMA-617 (ABX GmbH, 
Radeberg, Germany) based on literature recommenda-
tions [23]. The radiosynthesis procedure and quality con-
trol parameters were conducted in-house as previously 
described [24]. [177Lu]PSMA-617 was slowly adminis-
tered intravenously over a period of 30 s in our therapy 
unit.

A planar WBS (anterior / posterior) was obtained for 
each cycle 48 h after injection using a Discovery NM/CT 
670 Pro System (General Electric Company Boston, Mas-
sachusetts, USA) or a Symbia T2 (Siemens Healthcare, 
Erlangen, Germany). Image acquisition was performed 
with parallel collimators in a continuous scanning mode 

with a zoom of 1.0, utilizing a 2.21 mm pixel size and a 
speed rate of 15 cm/min with a photopeak at 113.0 and 
208.0 keV (± 10%).

Image analysis
All imaging data were reviewed by two experienced 
nuclear medicine physicians in consensus. Both review-
ers were blinded to the clinical outcome as well as other 
collected parameters (i.e., PSA progression / regression).

The images were visually interpreted based on the 
uptake of the radiotracer. For this purpose, the lesional 
uptake was categorized according to the PROMISE V2 
criteria as follows: (0) equal to or lower as blood pool; (1) 
equal to or lower than liver and higher than blood pool; 
(2) equal to or lower than parotid gland and higher than 
liver; (3) higher than parotid gland. In the case of [18F]
PSMA-1007 with high liver excretion, the spleen was 
employed as the reference organ in accordance to PROM-
ISE V2 [16]. This assessment included the maximum 

Fig. 1  Patient selection process
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intensity projection (MIP) of the initial PET and the 
PET after two cycles of RLT, as well as planar WBS after 
first, second and third cycle, if applicable. The PROMISE 
V2 PSMA-expression score was reported for the entire 
tumor burden (overall), as well as for the lesions with the 
highest and lowest uptake.

PROMISE V2-scores were correlated between initial 
PET and first cycle WBS, as well as between third cycle 
WBS and PET after the second cycle.

Response assessment
WBS after first, second and third cycle, and restag-
ing PET scans after two and four cycles were compared 
to initial PSMA-PET. Response was defined as follows: 
complete response (CR) was defined as the absence of 
PSMA uptake in all lesions that were previously avid. 
Partial response (PR) was defined as the absence of 
PSMA uptake in more than two previously avid lesions or 
obviously reduced PSMA-avid tumor volume. Progres-
sive disease (PD) was defined as the occurrence of new 
PSMA-avid lesions or obviously progressed PSMA-avid 
tumor volume. Stable disease (SD) was defined as nei-
ther aforementioned CR, PR, or PD criteria [16]. Disease 
control rate (DCR) for imaging response assessment was 
defined as CR, PR, or SD and progress as PD.

The imaging response correlation was used to compare 
the two different modalities (PET and WBS) in terms of 
DCR and progression. A correlation analysis was per-
formed between PET after two cycles of RLT and the sec-
ond cycle WBS, as well as a correlation between the PET 
after four cycles of therapy and third cycle WBS.

A decline of at least 50% in their PSA levels is consid-
ered as biochemical response (PSA50), in line with the 
previously published studies on mCRPC patients under-
going RLT with [177Lu]PSMA-617 using a cutoff of 50% 
PSA-decline [10]. A correlation analysis was conducted 
to investigate on the relationship between early bio-
chemical response and imaging response. The analysis 
involved the PET after two cycles of RLT / WBS of the 
third cycle and PSA50.

Statistical and survival analysis
Clinical and demographic data are presented as total 
number, median, percentage, range and 95% confidence 
interval (95%CI). Binary and ordinary variables were cor-
related with Cramer V (cφ) and Spearman (rs) test. Val-
ues of greater than 0.20, 0.40, 0.60 and 0.80 for cφ and rs 
correspond to low, intermediate, strong, and very strong 
positive correlation. OS analyses were tested for their 
prognostic value with log rank test and Kaplan-Meier 
survival analysis. Hazard ratios (HR) with 95%CI were 
calculated using a stratified Cox proportional hazard 
model. Null hypothesis was rejected if P-value was less 
than 0.05 (two-sided for correlation tests). Statistical 

analysis was performed using SPSS Statistics version 
28.0.1.1. (SPSS Inc.).

Results
Patients’ characteristics
A total of 188 men (median age: 72 y, range: 44–89) 
received 898 cycles of RLT with a median of 4 cycles per 
patient (range: 2–13). The median activity per cycle was 
7.2 GBq (range: 5.1–7.8 GBq) and the median cumulative 
activity for each patient was 36.9 GBq (95%CI: 34.3–39.6 
GBq). The median time from initial PET to the first cycle 
was 40.8 days (95%CI: 37.1–44.5). Between first interim 
PET after the second cycle of therapy, to the third cycle 
the median time was 14.7 days (95%CI: 12.5–17.1), 
respectively. Detailed patients’ characteristics are pre-
sented in Table 1.

All patients were heavily pretreated and received at 
least one line of taxane-based chemotherapy and one 
next generation antihormonal therapy. The median fol-
low-up time was 14.7 months (range: 3–63). During the 
observation period, 128 patients (68.1%) demonstrated 
molecular progression based on PSMA-PET-imaging, 
and 125 patients (66.5%) passed away. At the end of the 
treatment period, 81 patients (43.1%) demonstrated a 
50% decline in PSA levels. Thus, any end of treatment 
PSA and alkaline phosphatase (ALP) decline occurred in 
117 (62.2%) and 102 (54.3%) of cases, respectively. Fig-
ure 2 illustrates one example of a patient with DCR (A) 
and another with PD (B) to RLT.

PROMISE V2 score and response correlation
The correlation of the PROMISE V2 expression score 
was used to compare the two different imaging modali-
ties in terms of PSMA uptake. For instance, the correla-
tion coefficient (rs) between the overall PROMISE V2 
expression score of the initial PET and WBS of the first 
cycle was 0.813 (P < 0.001, n = 188). Similarly, for the PET 
after two cycles of RLT and WBS of the third cycle, it 
was 0.633 (P < 0.001, n = 149). The PROMISE V2 score’s 
detailed findings are presented in Table 2 and Table 1S.

Correlation analysis between early biochemical 
response and imaging response indicated an intermedi-
ate correlation: the correlation coefficient (cφ) for the PET 
after two cycles of RLT and PSA50 was 0.406 (P < 0.001), 
and for the WBS of the third cycle and PSA50 it was 
0.440 (P < 0.001).

Between the two imaging modalities, PET and WBS, 
the Cramer V test showed a strong and significant cor-
relation for the assessment of response (DCR vs. PD). 
For instance, the correlation coefficient (cφ) between the 
WBS of the second cycle and the PET after two cycles of 
RLT was 0.888 (P < 0.001, n = 188). Similarly, for the WBS 
of the third cycle to the PET after four cycles, it was 0.803 
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(P < 0.001, n = 114). The detailed findings of the imaging 
response assessment are presented in Table 3.

Survival analysis
Clinical follow-up data, as well as PSA and ALP 
responses, are available for all patients during and after 
completion of RLT or discontinuation due to progres-
sion. The median OS time for the entire cohort was 
14.5 months (95%CI: 11.9–15.9). Kaplan-Meier analysis 
revealed a significant shorter median OS for patients who 
experienced PD in second cycle WBS (13 vs. 24 months, 
log-rank P < 0.001) with a HR of 2.81 (95%CI: 1.94–4.07, 

P < 0.001; Fig.  3A). Similar results were found for PD in 
the WBS of the third cycle (15 vs. 25 months, log-rank 
P < 0.001; Fig.  3B). The PET after two cycles of RLT 
revealed comparable findings (11 vs. 24 months, log-rank 
P < 0.001) with a HR of 3.5 (95%CI: 2.38–5.12, P < 0.001; 
Fig. 3C). Patients with a PSA decline of at least 50% had 
a significantly longer OS at various time points during 
treatment. Those with a PSA decline over 50% at the PET 
after two cycles of RLT had an improved OS of 26 vs. 
17 months (log-rank P < 0.001) with a HR of 0.5 (95%CI: 
0.33–0.76, P < 0.001; Fig. 3D).

At the end of the treatment, a significant association 
was found between PSA response and improved OS. 
Patients without a PSA-decline of 50% had a significantly 
longer OS with 27 vs. 14 months (log-rank P < 0.001; HR 
0.41, 95%CI: 0.28 - 0.593, P < 0.001; Fig.  1S). Patients 
with  any decline in ALP levels at the end of treatment 
had a significant longer OS (22 vs. 18 months, log-rank 
P = 0.03; HR 0.68, 95%CI: 0.47 - 0.97, P = 0.036; Fig. 1S).

Discussion
This retrospective study analyzed data from 188 patients 
with mCRPC treated with a total of 898 cycles of RLT, 
focusing on the comparison on the prognostic value of 
WBS and interim PET scans. Our study demonstrated 
that OS can be prognosticated out of simple WBS after 
the second and third cycle of RLT, with comparable 
results and HRs as PSMA-PET after two cycles of RLT. 
The interim PET scan after 2 cycles of RLT showed a 
higher HR for the occurrence of death than WBS in the 
second and third cycles. This is probably due to its higher 
sensitivity and resolution. However, survival rates for 
patients with DCR were almost similar between these 
imaging modalities.

The median OS time of 14.5 months is consistent with 
the results of the VISION study, which reported a median 
OS time of 15.3 months [10]. Thus, prognosticating OS 
in this study population can validate therapy monitoring 
through response assessment of WBS and interim PET 
scans.

Several investigations have shown that serial PSMA-
PET scans can reliably prognosticate OS in RLT and 
allow for treatment monitoring and decision support, 
based on the PSMA expression of the entire tumor bur-
den [14, 25].

However, the use of PET scanners is limited by their 
availability, making it a resource-intensive and expensive 
option for clinical purposes. New generation SPECT/
CT systems facilitate SPECT quantification. Neverthe-
less, whole-body SPECT is still time-consuming and 
resource intensive. Following our results WBS seem to 
be a reliable alternative to routine PET-based restag-
ing after two cycles of RLT. Both imaging modali-
ties, PET and WBS, can present misleading results, as 

Table 1  Patients’ characteristics
Characteristic n % median range
Men 188
Age
Initial Diagnosis 63 42–87
RLT* 72 44–89
Gleason Score
Gleason 6 9 4.8
Gleason 7 a / b 62 33.0
Gleason 8 53 28.2
Gleason 9 58 30.9
Gleason 10 6 3.2
Pretreatments
Prostatectomy 116 61.7
Prostate radiation 85 45.2
ADT* 188 100
Docetaxel 156 83.0
Cabazitaxel 54 28.7
Abiraterone 169 89.9
Enzalutamide 169 89.9
[223Ra]radium-dichloride 35 18.6
Disease localization
Lymph node metastases 154 81.9
Distant metastases 175 93.1

Bone 173 98.6
Liver 37 21.1
Lung 31 17.7
Brain 6 3.4

ECOG* performance status
ECOG 0 56 29.6
ECOG 1 99 52.4
ECOG 2 33 17.5
RLT* activity [GBq]
1st cycle 7.2 5.2–7.8
2nd cycle 7.2 4.9–7.9
3rd cycle 7.2 4.3–7.8
4th cycle 7.2 4.5–7.7
PSA* [ng/mL]
Pretreatment 187.5 0.05–12,500
End of treatment 84.2 0.04–7600
*RLT = radioligand therapy; ADT = anti-androgen therapy; ECOG = Eastern cooperative 
oncology group performance status; PSA = prostate specific antigen
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decreasing PSMA-positive tumor volume can errone-
ously be interpreted as response but in fact is caused 
by dedifferentiation [26]. This fact is even more impor-
tant to consider for WBS, as morphological imaging is 
not routinely acquired in post therapeutic imaging, in 

contrast to PET-CT or-MRI. This again underlines that 
assessing response should rely on multiple parameters, 
including imaging and PSA-value. As a prerequisite for 
RLT, the VISION study required PSMA-positive lesions 
greater than liver uptake [10]. Seifert et al. (2023) recently 

Fig. 2  Demonstration of response assessment to RLT. The first cycle WBS was employed for the purpose of comparison and validation of tracer uptake. 
73-year-old man with intense lesional PSMA expression (PROMISE V2 score: 3 on initial PET and WBS) in lymph node and bone metastases. This patient 
had an excellent response to RLT, demonstrating a remarkable decrease in PSMA expression and PSA decline after 4 cycles of RLT (A). 76-year-old man 
with multifocal bone-dominant disease and intense lesional PSMA expression (PROMISE V2 score: 3 on initial PET and WBS). This patient did not respond 
to RLT and had a progressive, disseminated disease, as evidenced at an early stage by the second cycle of WBS (B)
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published PROMISE V2, an updated scoring system for 
evaluating PSMA-PET derived disease extend and PSMA 
expression in a standardized manner [16]. This enabled 
improved comparisons between different imaging 
modalities across various treatment cycles, promoting 
greater consistency among observers. To ensure effec-
tive implementation in the clinical setting, we compared 
the planar WBS with the MIP of the PET scan. In cases 
of advanced or disseminated disease, changes in PSMA 

expression can be detected with high reliability. Never-
theless, the evaluation is limited in cases of localized dis-
ease or due to physiological organ uptake, such as in the 
intestines or bladder. Small changes, in particular, may 
not be detected due to reduced resolution in the WBS. 
However, this study demonstrates a strong correlation 
between WBS and PET scan in terms of PSMA-expres-
sion, as the majority of patients had advanced disease 
with high tumor volume.

Table 2  PROMISE V2 overall expression score
PROMISE V2
expression score

Initial PET
(n = 188)

First cycle WBS
(n = 188)

Second cycle WBS
(n = 188)

PET after two cycles of RLT
(n = 188)

Third cycle WBS
(n = 149)

0 0 0 0 0 0
1 0 1 (0.5) 3 (1.6) 6 (3.2) 4 (2.7)
2 42 (23.3) 43 (22.9) 52 (27.7) 75 (39.9) 61 (40.9)
3 146 (77.7) 144 (76.6) 133 (70.7) 107 (56.9) 84 (56.4)

Table 3  Response assessment
Response Second cycle WBS

(n = 188)
PET after two cycles of RLT
(n = 188)

Third cycle WBS
(n = 149)

PET after four cycles of RLT
(n = 114)

Progressive 72 (38.3%) 66 (35.1%) 49 (32.9%) 31 (27.2%)
DCR 116 (61.7%) 122 (64.9%) 100 (67.1%) 83 (72.8%)
Partial Response + Complete Response 53 (28.2%) 62 (33.5%) 57 (38.2%) 55 (48.2%)
Stable 63 (33.5%) 59 (31.4%) 43 (28.9%) 28 (24.6%)

Fig. 3  Overall survival analysis. The Kaplan-Meier analysis showed that early response to RLT (i.e. DCR) detected in WBS is significantly associated with 
improved OS. Patients with PD had a significantly higher risk of death: HR 2.81 in the second cycle (A) and 2.38 in the third cycle (B). Similar results were 
found for patients with either DCR or PD in the PET after two cycles of RLT (C). Patients who experienced a PSA decline of at least 50% after two cycles of 
RLT also showed a significant improvement in OS (D)
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In this investigation, we also analyzed early and end 
of treatment PSA response with the established cut-offs 
(PSA50). Hence, similar survival rates were found [17]. 
In this mCRPC group a PSA decline of at least 50% at 
the PET after 2 cycles of RLT timepoint was prognostic 
in predicting OS (26 vs. 17 months). These findings are 
consistent with previous research [10, 20]. A compari-
son of PSA50 responses revealed a correlation that was 
intermediate but nevertheless significant in compari-
son to treatment responses in WBS of the third cycle 
and the PET after 2 cycles. This is likely attributable to 
the high cut-off of 50%, which may have resulted in the 
treatment effect and changes in biochemical response 
exhibiting considerable heterogeneity in mCRPC, par-
ticularly given the influence of tumor volume. Heinrich 
et al. (2018) stated in a review that ALP can serve as a 
reliable prognostic marker in various retrospective anal-
yses and should therefore be monitored [27]. Our study 
found a trend suggesting that patients who experienced 
a decline in ALP at the end of treatment had a slightly 
higher OS (22 vs 18 months). Therefore, changes in ALP 
levels may indicate a response in bone metastatic disease 
in mCRPC, as previously reported [28]. However, it is 
important to note that changes in ALP may only have a 
small impact on OS and should not be the sole variable 
used to assess response to treatment.

In line with proceedings in prospective VISION trial 
and based on the findings of this investigation restaging 
PSMA-PET after two therapy cycles is not performed 
in all patients, but based on individual case decisions, if 
appropriate. Patients are now regularly observed using 
post-therapeutic WBS and PSA values to assess treat-
ment response.

This single center investigation is limited by its retro-
spective approach. This results in very different number 
of cycles of RLT per patient as the decision of discontinu-
ation of therapy was made on an individual basis, consid-
ering all available clinical and imaging-based parameters. 
The imaging modalities were evaluated solely using a 
visual scale. While this approach is similar to clinical rou-
tine, it may lead to misjudgments, particularly in patients 
with small tumor volumes. One drawback of using WBS 
for response assessment is that this imaging modal-
ity is directly connected to the application of another 
therapeutic dose. Therefore PSMA-PET corroborates its 
important role for response assessment after, or in case 
of suspected progression also under RLT. The OS time 
may be subject to selection bias due to the exclusion of 
patients who received therapy but did not undergo first 
interim PET after 2 cycles.

Conclusion
In this study population, the assessment of early treat-
ment response with WBS of [177Lu]PSMA-617 therapy 
appears to have a prognostic value. Therefore, it does not 
seem necessary to conduct additional PSMA-PET imag-
ing to evaluate the success of ongoing RLT during the 
first four cycles of therapy.
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